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CONFORMITY OF DISPLAY AND BACKGROUND 

general principles 

CWovmiiy exists in a superimposed display. such as a head-up display. when (Ik xyn.l^.K lx-ar a 
resemblance to the background against which the, -re wen. T he resemblance may not ^Vt.I. a 
For exampk-. the superimposed lick!. m.y only be -like m liter or.enui.on. lo.lueMul Mr 
direction of movement ha. the same meaning m each Held. Future I show, a simple atl lt.de d.st.by 
in which the -rlitiei.il horizon always re.tt.tin. parallel with the horizon enable m the 
during change, in pitch altitude and bank angle, but this cond.lH.n can he ..blamed without using a 
common Kale ol elevation, and without a common origin for the two Kid. On the o her lui ml. 
resemblance may be more complete, su-.-li that all position. and all movements have Hu 'aim 
meaning, in each Held, and there is one-to-one correspondence It It thu. possible distmgui.h 
between display* which are partly or fully conformal 

The advantage of a conformal display .s m reducing workload, lor the user is not re., mred to adapt 
to different rules of mlerptvlalion lor each of the superimposed tields. And the best advantage « 
expected when the tields are ful'y conformal. There are practical difficulties in achieving this end. 
however, and lull conformity cannot always be justified on grounds ol workload alone A more 
compelling reason i< to be found in the information rei|iureinenls lor the visual appi.u.h 

VISUAL APPROACH INFORMATION 

The need for a conlormal display is nol particularly strong when HUD i' used t«> prevent command 
information, which is usually independent of the position in which H is shown, and has no natural 
scak m the external world when the control law emlxKl.es derivatives ol angular displacements I he 
Munition ic diltervnl m the purely visual approach. The natura! foiwanl view is then the source ol 

mlor, nation about the approach path, and H HUD ts or • .met this source the 

cli .played mformalton is likely to lv closely related to Hie hackgrouna 

Two kinds ol intormation are aval tele m an aircrall which are metope . ol ground enures-., and 
which may ho used in HUD i-> oamtain an approach path in the vert. .. plane, where help is most 
needed ‘ 1 1 First, position can l>e shown with respect to a given path, such as A I . I igun - where A 
IS tile- aircraft's pool ion . by a symbol depressed from the horizontal by a fixed angle. > k which is 
made equal lo the melmalnm of the given pati. in true scale I he position ol the symbol in relabel 
to the touchdown zote ih.it i. presents the i flscl from the given path, that is. IS is proportional to 
AA' Second, the d- ;tion m which the aircrall is moving can he shown hy a symbol depressed 
trum the horizontal by the High I path angle, y. again in true scale, so that the cymlx.l shows the end 
point ol the (light path in the ground plane, at F. Since the scale ol prescnlafion ,s the same as ,, 
In- external world, in Ivolli casc-s. and «mce the position ot each symbol i. interpreted in relation to 
Hie visual background, the prescnlalinn is fully eonlor.nal and Ihe superimposed fields are 
uiulcrMooU by the *«imc ruk\ 


INDIVIDUAL OR COMBINED REPRESEN TATION 


It ha. so lar been assumed that individual .ymholnaiv needed to sl.ow position and direction ol the 
Might path But it is also possible for both kind, ol mlormalion to be combined in a control '-** 
which is then applied lo a single symlxvl. as described by llaieman. - Ihe Inrmal ivMinph 11 1 > 

Hus a rangement and s.mpbeity ts generally dexuahle. Ix.t the individual character ot contributing 
components |. naturally k.sl And the display is no longer Hilly conlormal. although coi.lornuly .. 
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to some extent maintained by zeroing the control law with respect to the touchdown zone. It has to 
be judged whether the loss of information implicit m combined representation, and the loss of 
conformity . are penalties which can be accepted in the interest of a simplified format. 

An important teature of the situation is the complementary nature of the two classes of 
intormation cash contributing to. but neither entirely sufficient in itsell for the purpose of 
following a given path The fixed depression symbol shows whether the aircraft is above or below 
the given path, which the flight path symbol does not show, and the flight path symbol shows 
where the prevent path terminate*, which the fixed depression symbol only allows to be inferred, 
hum its change of position When, the flight profile needs to be known, as in deciding when to start 
an approach or in deciding whether energy has to Yv lost or gained in order to wash out an offset, 
the fuel depression symbol appears to be indispensable On the other hand, this symbol gives poor 
inform at it n about the rate at which the given path is joined, though this is shown directly by the 
flight path symbol 

When both symbols an* shown they are used in conjunction in the manner shown in Figure 3. The 
flight path AF is chosen to reduce the offset AA' at a suitable rate, which is then adjusted by 
altering the flight path to BF' when the offset has been reduced to BB' It can be seen thsl the 
poMtions ot the two symbols, which are represented by the figures in parentheses, lie on opposite 
sides ot the touchdown /one, T. when the operation is correctly performed, and this condition if. 
maintained by the user The same result would be achieved by a suitable control law applied to a 
single symbol ha- king off displacement by rate in the usual way. bul without awareness of ihe 
magnitudes ot the contributing components Individual representation thus allows the same control 
as combined representation but a better gras' *f the tola! situation. 

Another aspect < f the situation is that the two symbols are affected differently by errors, noise, and 
wind ' * * Both s/mbob are subject to errors, bul the flight path symbol is more sensitive in the way 
errors alloct longitudinal touchdown dispersion As regards noise, both symbols are subject lo 
whatever disturb mces at feet their data sources, so that the flight path symbol is adversely affected 
it no inertial pi ;iform is available and it has to be driven by an angle of attack signal, whereas the 
fixed depression symbol is not significantly affected The influence of longitudinal wind is shown 
by both symbols, either as a change in offset or as a change in flight path, hut the situation is again 
complicated in the case ot the flight path symbol by the nature of the data source. T ne fixed 
depression symbol is thus less influenced, or at least influenced in a less complex manner, by 
disturbances and errors and may advantage be shown independently. 



The i|uestion ot individual versus combined representation is also affected by control considerations 
in the vertical plane While it may not be desirable always to separate the effects of thrust and 
at ii fide on the path and speed of an aircraft, there are circumstances when it is advantageous to do 
so 1 1 may he possible to achieve change of speed, M fixed thrust, primarily by the use of the 
elevator and to change the direction ol ihe flight patn. at fixed speed, primarily by using thrust. In 
such a case, there is good reason lo associate speed control with an attitude symbol, and to link 
height control (through flight path direction) with a symbol related to thrust. C learly, this is kss 
easily done if the flight path symbol loses its identity 

Finally this issue is affected by the desirability of compatibility with ILS procedure, for although 
the display is intended for the purely visual approach, there will be occasions when ILS signals arc 
available in visual flight conditions At such times, it will be convenient if Ihe display continues to 
function in ihe same manner, while showing the correct relationship to the glidcslope origin. This 


PtGUfll 3. RI0UCT9OM OF OPPMT BY PATH CONTROL 
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can be achieved quite simply by adding a symbol lo represent the glideslopc origin and by displacing 
it from the fixed depression symbol by the glideslopc deviation. 0 Then, as shown in figure 4. the 
syr bo) will always coincide with the glideslopc origin (here assumed situated at the touchdown 
/one) because the aircrait's elevation is ♦ 0 

Operation of the display with ILS compatibility can be illustrated hy (he special cu*o\ shown in 
figures? and 6. In the case when the aircraft approaches with 0 constant, along the path AB, 
figure .V the touchdown zone remains at the same angular distance from the artificial horizon. As 
ranee decreases, the runway appears to grow and the position of the fixed depression symbol is 
interpreted as showing a smaller linear offset from the beam, the constant angle 0 representing a 
smaller ground run at the enlarged scale In the case when the approach is made with constant linear 
offset from the beam, along the path AB in Figure 6. the fixed depression symbol remains at the 
same linear distance from the touchdown /one This corresponds to an increased angular subtense at 
' orter range, the fixed depression symbol appearing to move away from the touchdown /one but 
at the same rate as Iht runway appears to grow. It is not difficult to see that these cases have their 
analogs in night operations when the touchdown /one is illuminated, and it is clear that the pan 
played hy the fixed depression symbol in all of them is onlv possible if it remains an individual 
entity 

The issues which have been discussed allow a good case to be made for individual representation. It 
seems reasonable to assume that it will generally be desirable to know both position and direction 
of the flight path, that it will be advantageous in balancing rate against displacement to know the 
magnitudes involved, which may be interpreted in the context of the visual background; that noise 
and error effects should be eliminated as much as possible, and wind effects estimated accurately, 
that control will be simplified in many cases by establishing scpaiate pitch and thrust information 
vhannels. and that ILS compatibility is desirable In what allows, it is assumed that these factors, 
which operate in the fully conformal display, are sufficient to justify the loss of simplicity resulting 
from the use of individual symbols to represent fixed depression and flight path angles 

CONFORMAL DISPLAY FOR VISUAL APPROACH 


BASIC FORMAT 

A fully conformal display for the visual approach, with the features which have been discussed, can 
be developed from the basic format of Figure 7, where the visual background is shown in schematic 
form It is assumed that the framework of the format is fixed with respect to the airframe, and that 
its visible extent is limited by a simple rectangle. All components of the diiplay format are shown as 
thick lines, lo indicate thcr visual prominence m the actual display, but these arc much broader 
than the lines as they appear to the user The convention is used that when a symbol is displaced 
from Us usual position, on a long-term has. is. it is drawn with a broad dotted line. Features of the 
visual background are shown by thin lines. 

The longitudinal axis of the aircraft is represented by the circular symbol with stub wings, as in 
previous practice. Jt has a fixed position cn the midtme of the format and thus moves with the 
aircraft it represents. For special purposes it may be moved into a displaced position, when it is 
shown in dotted form. Flanking this symbol are the two halves of a horizontal bar. which form the 
artificial horizon symbol. It is displaced vertically from the aircraft symbol by the pitch attitude 
angle. 9. in true scale and in the appropriate sense, and thus shows the position of the true (gyro) 
horizon in the externa) work) The aircraft and horizon symbols together form the attitude display, 
in the usual way. but it will he noted that the middle of the horizon bar is removed to avoid 
interference 
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figure 7 BASIC FORMAT 
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FIELD OF VIEW 


EFFECT OF FULL CONFORMITY 

I u»> iv>n ormal development of HUD has an important effect on the field of view ol the optical 
system Ai the di%cuvs»on has shown. it is necessary in this type of presentation for s> mbofo to have 
4 range of .ingular position Thus, fixed depression, flight path, jnd ILS datum symbols need to he 
seen in th; vicinity of the touchdown /one. which tends to move further away from, and below the 
longitudinal aircraft axis as the approach proceeds For an optical system fixed in the airframe, the 
field of View, w. must he of suit it writ vertical extent to accommodate pitch MUnnU' and hxed 
depression angles, as in Figure V *o rh^j 

w < °* + 

fins condition van he met in shallow approaches with only slightly nose-up attitudes, but is easily 
violated in other circumstances For example, a h-degree approach m a 4-dvgree nos c-up attitude 
requires more than the d-degree instantaneous field provided by a 4-inch aperture coCunator when 
H is installed at a viewing distance of 25 inch... especially if room has to be found for peripheral 
symbols ami allowance made for disturbed conditions. 

I he I. teial extent of the field may need to he even greater, for although the display is only intended 
for vt rfnaJ guidance, setting errors m the vertical pla.ie will be smaller if the symbols are kept from 
mo v»i g to either side of the runway, which means accommodating Che full range of drift angles. T he 
lor mat may thus need to be moved laterally about 30 degrees, and this cannot be achieved by 
stand, rd techniques except through changing the cyv pocrlrcm The amount of head movement 
neede i tor thw purpose, at a viewing distance of 25 inches, is 5*1/4 inches in each direction 
fallowing lor an inter pupillary distance of 2-1/2 inches* and this » unlikely to be acceptable. 

U wo ski b; possible to enlarge the field by reducing the viewing distance. But experience shows 
that 5 inches is aboul the smallest value acceptable, in operating conditions, when using the 
present type or reflecting collimator m a typical commercial jet transport The alternative is to 
increase ,h, ‘ *>#*nure of the optical system, thus increasing the instantaneous field and avoiding the 
need lor head movement The likelihood of success then depends on tang able to install the larger, 

ht-.fwcT .y, ifn' 

installation studies 

It the lollmutor aperture is increased to 8 inches, the length of I he collimator barrel becomes about 
l > inches, and (he weight about f>5 pounds Using a space model of these dimensions, mstaitonon 
sf idles have been made tor the cockpit of a iarge commercial jel transport, with the results shown 
in Figures 10, II. and 12 In the arrangement of Figure 10. which is seen from eye datum, the 
collimator »-> placed outboard and to file side, at the first officer’s station, and the reflector i* 
mounted separately on (he glare shield tn this case, the instantaneous monocular field is 2) degrees. 
Unfortunately . the ta^c JeuMnee f s reduce I by the reflector plate, which is rather farge and 
overhangs the giaresbield by some 4 inches Al f >, there n intei .erence with the pilot's right shoulder 
ami lovs of downward new on this side 

Another arrangement in with the eo/bmator mounted overhead, as shown in Figure 1 1 for a 
viewpoint behind the first officer’s seat There is little significant change m this jase. the field is 
reduced slightly, to 20 degrees, the reflector plate again protrudeshy 4 inches, white there is a toss 
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Oi head clearance and a restricted upward view On the other hand, there is now less chance of 
sunlight tailing directly into the collimator. 

These arrangements are scarcely satisfactory for production purposes, and since there is insulficient 
space lor the conventional type of gunsight mounting, it does not appear possible to install such 
large equipment unless the windshield ilselt is used as the reflector. The barrel is then mounted in 
the glareshiekJ. as shown in Figure \ 2 . where the view point is eye datum at the first officer’s 
station. Head and face clearances are not affected in this case, nor is the external view reduced, but 
these advantages are achieved at the expense ol panel space. And there is now interference with 
wheel and hands, sufficient to require modification of the control column. Moreover, the 
instantaneous held is no more than 14 degrees, and is centered to the left of the forward sight line, 
as shown b> the small circle at the top of the (chain dotted) collimator axis, which is to the left of 
the panel instrument Unfortunately, there is no flexibility in locating the collimator axis, and this 
has to be accepted with other disadvantages at the windshield as a reflector, which may arise from 
elicits ot bending, heating, lack of reflectivity, and multiple reflections. Of these, the latter may 
well prove to be the most serious because ot low tolerances on wedge angle, typically, a wedge angle 
t*l ’ minutes ot arc leads to displacement ot the secondary image by about 7 times the width of line 
used in drawing the display symbols. For these reasons, windshield reflection does not offer much 
promise *s an installation method tor the type of cockpit considered, and there seems little hope of 
enlargm : the field ot view by the techniques so far described 

ALTERNATE METHODS 

The problem of enlarging the optical Field can be approached by different methods. A simple 
technique, which is admissible when plenty of space is available, consists in movmg the entire 
optical system to a new position and adjusting the axis to pass through eye datum It is then 
unnecessary to use a large collimator. However, the swept volume is bound to include large part of 
the spue** between eye datum and the windshield One way out ol this difficulty may be to devise a 
scheme in which it is only necessary to move the reflector 

Another method is by optical displacement ot the external sight line, as shown in Figure 13. A 
collimator, c iv mounted below the glareshiekl. g, and the display is seen in the reflector, r, in a 
conventional manner But the sight line is turned from the usual direction, ss , to the direction, d, 
by me an> ot the prism, p. The deviation of the sight line is made equal to the drift angle, so that the 
view ^entered on the flight path *s shown centered on the longitudinal axis of the aircraft. In this 
way. moderately sized equipment can be used to deal with quite large field angles, but at the 
expense of a discontinuity in the external field C learly. this method could only be used after 
carelul study of the disorientation potential 

Finally, it is possible to avoid a large part of the problem by abandoning collimation. using an 
out-of-focus presentation in the line of sight This method appears suitable when the displayed 
inlormation is very simple. >o that it can be understood without detailed inspection, and it is well 
known that an open gunsight can be used with some accuracy, (’learly, a majo*- advantage of HUD is 
sacrificed, tor there is no longer any protection against effects of shortsightedness induced by an 
empty visual field, but this is acceptable tor the visu./l approach. 

Equipment previously used to explore this method > indicated in Figure 14 It consists of a simple 
Imk mechanism. ABC DF . which is used to keep crossbars mounted at F and (’ in line with eye 
datum f This equipment allows a direction in the external Field to be maintained if the link 
meviMiwm is altered to compensate for aircraft movements Unfortunately, it K difficult to mount 
in the space above the glareshiekl if the windshield is steeply inclined. 



FIGURE 13. DEVIATION OF SIGHT LINE 
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A later development is shown in Figure 1 5. In this case, a s.wgle crossbar of arbitrary length is 
designed to be moved in the plane of the glareshiekt by an elementary lead screw drive. It is 
illuminated by ambient light so that its image may be seen by reflection in the windshield. The 
orientation of the lead screw is arranged to be such that the image of the bar moves up and down in 
the external field, ir: a manner representing changes in angle of attack, attitude, or related 
quantities. With this equipment, it is necessary to define the viewing position, and this has to be 
done by independent means. 

The cockpit arrangement in a DC-9 is shown in Figure 16, where the captain's windshield is seen 
from eye datum. The baseplate of the experimental equipment is attached to the upper surface of 
the glareshield and cannot be seen because it is end -on to the viewer, but the crossbar, which is 
painted while, is evident at the lower edge of the windshield. The primary image of the crossbar 
appears as a white line running across the middle of the windshield. At some distance above is a 
secondary image of less brightness. The primary and secondary images are accompanied by much 
fainter images in close attendance. The images all lie in a horizontal plane but appear to converge 
slightly because they are closer than t ifinity. 

Test flights were made with the equipment by two experimental test pilots, with the following 
results. About twelve approaches were carried out, mostly in fine weather but occasionally in pooi 
external lighting conditions. The equipment was not driven by an input signal but used in a passive 
condition, simply to evaluate the uncollimated crossbar image as a means for conveying information 
in conditions of an active external scan. It was found somewhat distracting not to have the image at 
infinity and it was felt that the initial leaction of other users would be unfavorable. Multiple images, 
though annoying, were not unduly bothersome. It was convenient that the brightest image was also 
the lowest, suggesting an association with the nearer end of the runway, and leaving no doubt about 
which image to use. If desired, the two brightest images could be used as a bracket. The apparent 
inclination of the lines did not trouble the user. The primary image was visible under a range of 
lighting conditions, with the bar painted gloss white, but local illumination would naturally be 
needed by night. Th ^avel of the bar was adequate, when moved up and down by hand, but the 
image needed to extend further toward the centerline of the aircraft. It was felt that the device had 
some merit and was worth developing as a flight aid, using an angle of attack, or a fixed depression 
drive. 


CONCLUSION 

A fully conformal display is desirable for head-up presentation on the general grounds of reduced 
workload, because it enables geometrical relationships in the superimposed fields to be understood 
by the same method of interpretation. It is more particularly desirable in the purely visual 
approach, for which two kinds of information available within the resources of an aircraft need to be 
understood in the context of the external visual world, each being represented by its own symbol. A 
simpler format results from a combined representation, but this precludes knowledge of the flight 
profile and of the rate used in reducing an offset. Also, individual representation is preferable for 
the elimination of noise and error effects, for the estimation of wind effects, for linking stick and 
throttle with individual elements of the display, and for the realization of ISL compatibility. 

A fully conformal display can be developed from an attitude display by adding symbols showing 
fixed depression and flight path angles in true scale, which give information about the position and 
direction of the flight path. Another symbol can be added to show the position of the ILS 
glideslope origin, and a simple modification allows attitude to be used in controlling speed. 

FIGURE 14. OPEN SIGHT LINK MECHANISM 
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But difficulties are met in trying to provide an adequate field of view, which is needed because of 
large relative movements of the center of interest in the external world during the course of a visual 
approach. New developments are reeded to enlarge the field of the present type of display system, 
as may be used i,. commercial jet transports, since viewing distance cannot be decreased without 
loss of face clearance, and aperture cannot readily be increased without introducing other clearance 
problems and reducing Che external view. Some of these difficulties ate alleviated by the method of 
windshield reflection, but new problems arise, especially the problem of multiple iro^es, and the 
field of view is only moderately large. 


Owe possibility is t! it the ev.~^! z&a line may be deviated by means of a prism. This method 
allows the lield to be enlarged while using quite small equipment, but a discontinuity is introduced 
in the external Reid, the seriousness of which is hard to assess. Another possibility is that 
colhmation may be dispensed with by using soi-e form of open sight, a method which is admissible 
when presenting simple information in visual approach conditions. If space is available, a mechanical 
linkage can be mounted above the gla reshield and used to define an external direction by the 
alignment of pointers. An easier way is to move i pointer in the plane of the glareshield and use the 
ambient illumination to form an image by reflection in the windshield, in which case the head 
position ne« ds to be defined. Flight tests of the latter method showed that adequate field could be 
obtained with a pointer of sufficient length, and that the method was worth developing as a simple 
flight aid despite obvious limitations of image quality. 

The investigation shows that fully conformal head-up presentation, though suitable for guidance 
and control in the vertical plane during a visual approach, and though capable of realization in a 
format of symbols, depends for its success on the further development of techniques for enlarging 
the field of view. 
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